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availdbletest data on lateralcontrolwith
full+qyxnflapsis presented. Iatera&controleffectivenessand hinge-
incxnentdata obtainedfram tw-ensional, three4hensional, and
flighttestsare presentedin the fozm of figuresand the data include
the characteristicsof spoilerdevicesand aileron..with retractable
flaps. The basic‘datapresented.on the variws flap and aileron
ccombinationsshouldfacilitatethe designof full-span-flaplateral-
controlarrangements.A discussionis @ven of the,characteris%icsof
the lateral-controldevicescomidered and of the applicationof the
data.to specificairplanedesign.
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INTE?ODUCTUON

One of the problemsarisingfrom the increasedspeedand wing
loadingof modernairplanesis the &Lfticultyof obtzzininghigh lifts
for landingand take-off’withoutimpairingktez?alcontrol. If
conventionalaileron aman@ments ,areused to =rbism the lateral-control
requirements,the flap spa is necessarilylimitedand the problemof
obtainingthe lift requiredfor take-offor landinGbeccmesquite
important.When full-spanflapsare used to obtainthe desiredlift
coefficientfor the airplane,the desi~er is facedwZth the problemof
includingand properlylocatinga lateral<ontroldeviceon the airplane
whichwill be effectivein all fli@t configurationsand have charac-
teristicsthatwiKL not be deleteriousor objectionable.

3
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The purposeof the pre~entpaper is to give the most pertinent
part of the expetientaldata on the charactetiwticsof lateral+ontrol
devicesfor use with full-pan or almostfull-spanflaps. The data are,
necessarily,greatlycondensedand same data have been #ven in a fozm
differentfrum the originalsou-rce. Additionalinfomaationon any
particularmodelmay be obtainedfrom the refez’ences.(Seereferentes 1
to 25 and table1.)

Data on conventionalbalancedaileronshave been rqorted previously
in referente 26,enda collectionof fairlylaqp+hord control-surface
data hcm been givenin reference27.

f . ,“ 1.
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The data are dividedinto sectionsas follows:

A Slot-1ipand flap-trailing-edgeailerons

B Spdile*type aileronsotherthan slot+lipailerons

C Aileronswith retractableflaps

The laters+controlarrangementsfor which dataare presentedmay be
consideredto consistessentiallyof only two types- aileronslocated
at the wing trailingedge (conventionalaflerons} and deviceslocated
forwardof the trailingedge (ccmmonlyreferredto ac “spoilerailerons”)-
but the divisionof the data intothe thxeeaforementionedgroupshas been
made for convenienceof presentationand is purelyarWtraqy.

In almostall instances,the ailerondesi~tion givento the
lateral-controldevicein the referencepaperhas beeq used herein. The
fti&trail@&edge aileronsof group A thereforeem usuallytemned
plainailerons(regardlessof balance)in the figwes and in the text.
The designationconventional,ordinqy, or standardaileronemplqed in
the figuresof groupsB and C and in the text refersto tie more
conventionalezrangamentsin use today of an aileronon the wing traiMng
edge. This aileronusuallyspansthe outboardW% of the wing.
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Much of the titspresentedin @cup C was obtainedon models
eqyippedwith duplexflaparrangements(twosepeimdmflaps)end since
the outboardflap of sucharmngemnts would ustxWly retract intothe
airfoilcontouraheadof the aileronfor the flaps-upconfiguration,
the d&8.are representativeof retr’ed=bk-flapaileronarrangements
and may be appliedin the designof sucharrangammk.

OSYMBOIS

CL liftcoefficient

%/4
pitchin&+mmentcoefficientaboutquarterchordof wing

G./lk incrementof pitchiqymcmentcoef~icientaboutquarterchord ●

0? wing
4

llc~ incrementof dragcoefficient
i

*.

cl~ rolling+ncmentcoefficientaboutaxis in @ine of swtly
.
*

oi?ccqlete model or airplane,referred‘towind sxefi

,.
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ofplane of“symmetry
to wind axes

yawingzomentcoefficientaboutaxis in
completemodel or airplane,referred

hinge-momentcoefficient

for plainand slot-13paileronsand plate

spoilers

Ch=a for
%M

edgeabout

plug ailerons

hinge line

where M is areamcment of top

for retractableailerons

where

~ mean radiusof retractableaileron,feet

t thicknessof retractableaileron,feet
w-

k b~ span of lwtractahleaileron,feet

rate of changeof rolling-momentcoefficientC2’
with helixangle pb/2V

sectionlift coefficient.

incrementof sectionl~ftcoefficient

incrementof sectionprofile4i.ragcoefficient

sectionpitchin~oment coefficientaboutquarterchordof
airfoil

sectionhinge-momentcoefficient

ha
Ch’.— for plainand slot-lipailerons

QoGa2

h
— for retractableaileronsCh ‘q#~t

()PI - PoTressu.recoefficient —
~o

7
-4 P.
*

(v/v)2~ pressurecoefficient (l-P)

., —— - .—..
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wing chord;alsousedwith subscriptsto ~enotecmponents
of wing

c

chordof a controlatiace rearwardof the hingeaxis

b wingspsm; also usedwith subscriptsto denotecunponentsof
Wing

angleof attack,degeesa

sectionangleof attack,degees%

effectivechangein angleof attack,degrees

deflection,degrees

angleof roll,degrees

aileroneffactivenessfactoti,effectivechangein angleof
attaokof wi~ileron sectionper unit ailerondeflection
(~/~1 6*..

aspectmtio .

?XdiiO of ttp chordto root chord

distancefrcmplaneof symmetqyto inboardend of flap or
lateral+ontroldevice,feet

distancefrcm@ane of symruet~ to outlmard end of flap oh
lateral+ozdmoldevice,feet

Yo

frex+stresm dynemtc pressure,poumdsper sqpsrefoot

staticpressureat a pointon the airfoil$pouudeper square
foot

free-streamstaticpressure,poundsper squarefoot .

true airspeed,feetper second

serviceindicatedairspeed,miles per hour

localvelocity,feetper second

rollingangularvelocity,radiansper second

yawiw arqjularvelocity,radiansper second

helix anglegeneratedby wing tip in a roll.,radians

v

P

r

pb/2V
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H hingemcsnentof a controlsurfacestouthinge axis,foot

* ‘pnu-lds

* h sectionhingemanent

Fs stickforce,pounds

Fw wheel fome, pounds

M Wch nuniber

R Reynoldsnmber

of a control surfaoe,foot pounds

X/c di.stsmcefrcxnleading e@e ofwingto ptitrudingedge of
flat-platespoilez=typeaileronsor to chomiwiseposition
of emergencefrcxuwing of retractablesnd plug ailerons

Subscripts:

a aileron

“8
-.

‘8

f f lap

‘1 inboardflap

fa outboardflap

1? wing

S1 slot lip

Sp s~oiler
.

P plain,plug, or plate

s stick

-m

Supplementaryinformationand the test cond3tionsfor modelsail.
airplanesare givenin table1. This tablealso @ves published
referencesad oervesas an indexto the resultspresented,becausethe
model or airplanedesi~.tion is @ven in the firstcolwnnof the table
and in the upper ri~+lmnd cornerof each pa~e of model drawingsor
test resultf3.

,,
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‘lhelarger pea% of the datawas plottedas takenfrcm the source
and the plottingscalefor the data is necessarilynoxntifomn.The
data obtainedon modelsA-V ail AdZ, E-VII,ZWIII, &IX, &!II, and
B-XII,and 0-111were correctedfor je&bcnrdkq effectsaccordingto
the methodsoutlinedin reference28 and were plottedas corrected.
A reductionof approximately10 percentin the ral13mg~ent coeffi-
cientsof’modelB-XV was est-ted but not applied. Cozcrectionsto
the data of moael C437 and GV are unknownbecauseof the uncertainty
of end-plateeffects. It is not knownwhethercorrectionswere made
to the data of modelPX. Scme ~f the hiecamnt datawas given‘in
incb+poundsin the references b~?tw red~ceato coefficientfo~ for
the presentpaper.

DISCUSSION

All the kteral~mdmol armngaents for which data are presented
hereinconsistof eithera conventionalfla.p-~e aileron,saae device
of the spoilerty-pe,or a ccmblnationof both. (SeetableI and
figs.Al to A33, B1 to B133, and Cl to ch9. ) The ctit=tistics of’
flq+type aileronswith flapsretracted,suchas the flapt~iling+dge
(plain)aileronsof groupA and the aileronsof groupC, were identical
with the aileroncharacteristicsof conventionalarrangementssmd have
been summarizedpreviously(references26 and 29). WZth full-span
flapsdeflectedthe characteristicsof thesesdleronsdifferedfrcm the
characteristicsof the aileronsin the flap-retractedcontiitionand en
di~cussedhereinin the sectionsentitled“Slot-ILpand Fla@!railing-
Edge Ailerons”and “Aileronswith Retractable-we Flaps’!.

●
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Lateral.ontroldeviceslocatedforwardof the wing trailingedge
are generallytermed“spoilers”or “spoilerailerons”. Thereare four
main t~es of spoilerailerons- the retractableaileron,which
consistsof a circ~ spoilerthatusuallymer~es only fram the
upper surfaceof the wing;the plug aileron,which fits into a slot in
the wing when in the neutralpositionand leavesthis slot openwhen
deflectedupwsrd;the hinged-flap-typespoileraileronor uppe=urface
aileron,whith liesalo~ and fonnspart of the wing contourwhen in
the neutral.position;and the slot-lipaileron,~Wctchalso liesalong
and formspart of’the Wing cOntOW when in the neutzzdpositionand
which has a fixedwing slotbehindit. “

Almostall s~oile~typedeviceshave certain
that ere dependenton thewing, aileron,.and flap
s~oilerswere locatednear the wi~ leadlngewes
was rougldyproportionalto the liftcoefficient;

8
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ccsnmoncharacteristics
.

configuration.When
theireffectiveness *:
largerollingmcments ~ ~

were providedat largeanglesof attack. As thesedevicesweremoved ‘
toward the w5ng trailingedge,the effectivenessbecememore nearly
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independentof Mft coefficient(remainedalmostcomhant or increased
* slightlyat smallanglesof attackand decreased.at largeangles.of

~ attack)and becme more nearlylhear with”respectto spoilerprojection
% (figs.A7 to A1O, A26, A27, and B18 to B20 and references2, 8, and 30).

Data obtained.frcsnboth wind-tunnelzmd.f~ght testsAt low value=of
Mach and Reynoldsnumbersindicatedthat smallspoilerdeflectionsor
projections(of the orderof O.OICor less)Senerallyhad littleor
no effectin producingrollwhen the wing was not slottedin the spoiler
vicinity(figs.A12, B12 toBlb, B32 toB39, BW toB50, B95, B117,B118.
m B123). Slotting the wing fram the lowerto the ~{pp&’~~face~-to -
the rear of the spoilertiproved‘te rollingeffective~ss,particularly
at largeanglesof attack(figs.BM} to B47 end B95andreference10),
and the linearitywith respectto projection(fi~.llj~)with flaps
retractedor deflected. Spoilercontrols,especiallythoselocatedfar
forwardon the wing,were quiteeffectivein the bw-opeed=fligh-trange
near smd slightlybeyondthe stall,becauseof theirpronouncedeffect
in reauci~ lift or reauOiW,the effectiveangleof attackover the
wing sectionaffectedby theiraction.

Tests of spoileraileronsat variouschordtiselocationsindicated
a perceptibletime lag in the rollingresponsefor forwardspoiler‘-t. locationsand this time la~ decreasedas the spoilerwas moved rearward..
Slottingthe wing behinathe spoilerlElfiheriwaucoclthe lag in the
responseof the airplaneto controldeflection.At s~oilerlocations

0- to the resr of about0.60c,this t~ lag beccmemimperceptibleto
.* pilotssmd henceunobjectionableat low andmodemte valuesof Mach

antiReynolasnumbers(figs.B27J B28, B80j B82J Bloo, Bl12, Bl13, ana
Bllf+, and references2, 9, 14, 16, and 30). (Thefirst~art of the
curveof the time-responsefigs.B27 aniiB28is itica.tiveof the lag
whereasthe lastpart of the curveis”indicativeof the steadystateof
roll.) In hi-peed flight,time lag may not be noticeablefor
forwardspoilerlocationsand the use of forwardlocationswouldprovide
increasedaileroneffectiveness;however,the possibilityexistsfor
reversalof effectivenessfor smaZ1.spoilerpro~ections.

Spoilersprovib lesspitchingmment than conventionalailerons
(figs.B7, B1O, Blk, B19, B20, tiB69 and reference~1) and hencewould
be expectedto producelowerwing stressesana to have hi@er reversal
speeds. In addition,spoilersproviaefavorableyawingmments over
most of the flJghtrange,exceptpossiblyat high anglesof attackor
lift,where the adverseyawprodu.cediG lesstlum that obtainedwith
conventionalailerons.

*
The hingeaament characteristicsOr spoilcrcare very unusualover

> the spoilerdeflectionrangeend requirespecialtreatmentto provide
acceptablecontrolforce~.

:* Since spoilercontrolis obtainedthrchzgha 10SU of lift on one.
A wing whereasalmostno effectis producedon ,thootherwing, some

difficultymay be encounteredin rai~inga winG that haa droppea.

I
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This problemis not serious,however,sincethe axis of rotationwith

spoilercontrolis seldomfartheroutboardthan O.% from the plane

of sylllmet~.

Slot-Lipand Flap-’I!railLng-EdgeAilerons

The testconditionsand the resultsof testsconductedon models
and airplanesequippedwith slot+lipand fla&trailin&edge ailerons
end full-spanflapsare givenin table1A and in figuresAl to A33.
Data obtainedin twtiimensionalwind-tunneltests- shownin
figuresAl to A5, three-dimensionalwind-tmnneltest dataare shownin
figuresA6 to A25, and flightdata are presentedin figuresA26 toA33.

Slot-1ipailerons.-Both wind-tunneland flighttestsof slot-lip
aileronsat variousohomiwisepositionshave indicatedthat the most
satisfactorypositionof the slot-~p aileron,fraboth aerodynamic
and structuralconsiderations,is between0.7cand O.&. When slohllp
aileronsare used in con$umtionwith a slottedflap,a convenient
armngement havingsatisfactorycharacteristicsconsistsof a slot+lip
a~leronlocatedon the lip of the wing slot,aheadof the flap. Because
of the physical@ossibiHty of obtiiningpositiveailerondeflections
in thispositionwith the flapsretzacted,a high differentialstick
linkage(probablya cam)wouldbe requiredin the controlsystem.

Wind-tunneland flightdata also indicatethat the effectiveness
of,slolAip a$lerons(figs.Al to A33)inoreaseswith slotted-flap
deflectionand that theseaileronsare ve~ effectiveat largeflap
deflections;however,the aileronsare not very effectivein the flaps-
Up Oondition. The data generalJyindicatea sharpincreasein aileron
effectivenessfor smalland moderateailerondeflections(flaps
deflected)with a decreasingincrementin eflectiv,enessat larger
deflections.

The hingemcunentsproducedby slot-lipaileronsindicatean
openingtendencyof the aileronnear neutralwhich,coupledwith the
largedifferentialrequired,may causeoverbalanceof the controls.
In the fltghttestsof slot-lipaileronson a fightewbypeairplane
(figs.A28to A33andreferenoe5), a springwas introducedinto the
lateral+ontrolsystemto countezaotthe overbalancingtendencyof
the ailerons. In general,if suchadveme hingeamment effectsare
enoo~tered,bala.noingof the controlsurfaceor modificationof the
controllinkage probabJywould resultin satisfactoryslot+lip+ileron
controlforcesin all fli~t conditions.If slot-lipaileronsare
used on extremelylargeairplanes,someaeromc hlanoe wouldbe
requtredto reducethe largehingemomentsat the largeaileron
deflections.

.
k
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lnap-traili~dg e ailerons.- When flap-lmaili~dge (plain)
aileronswere testedin the presenceof full-spanslottedflaps,the
aileronswere necessarilyonly aboutO.10c becauseof structural



.
m

-B
-.

*-
1

considerationsand had largespansIn orderto provideadequate
effectiveness(figs.Al to A33). In the flap-retractedposition,the
aileronis a narrow-chordlong+pan aileron. (Seereference26. ) In
flap-downoperation,the aileroneffectivenessdecreasedin the positive
ailerotieflectionrangeezxlgenerallyincreasedsll@tly in the
negativeai.leron+ieflectionrangeas the flap deflectionincreased
(figs.A3, A5, A14, and A21). A changein the controlMnkage to
providea greaternegativeand smallerpositiveailerondeflection,
and probablya greatertotalailerondeflection,thereforewouldbe
desirableto provideadequatelateralcontrolfor Klapdcwn operation,
if equalup sad down deflectionswere used wi~ flapsup.

The plain ailerons,flapsdown,have aboutthe samevaluefor the
rate of changeof hinge+ucmentcoefficientwith ailerondeflectionas
the’aileronswith flapsretracted. Plainaileronsalsohave an upfloating
tendencyat aileronneutral,flapsdeflected. This upfloatingtendency,
coupledtith the differentialrequiredfor good control,will help to
reducethe stickforcesbut may causeoverbalanceif the differential
for fl+psdown is too severe. The adverseyatingmomentsproducedby
ailerondeflection,flapsdeflected,were largerthem thoseproducedby
otherlateralcontrols.

Slot-1ipand flap-trail.ifi+ilgeaileroncombination.-The charac-
teristicsetiibitedby slo~l.ipand plainaileronswhen each is used
aloneindicatethat a lateral+ontrolsystemconsistingof both typesof
aileron- that 1s, plainaileronsfor flaps+p operation,slot-lQp
ailer031Sfor fl.aps-dm~operation- combinesthe heat qulAties of each
type. This azn?qement requiresa mechanismthat providesfor changing
from plain-aileronto slo~li~leron operationwhile extendingthe
flap. Flighttestsof suchan installationon,a fi@te%type airplane
indicatedthe adequacyof controlprovidedby this ~ement, particu-
larlyin ‘he low-speed-e (fi~s.A28 to A33], and also indicated i
that somebalancingof the aileronsis necessaz~to providesatisfactory
stick-forcecharacteristicsover the ccmpl.etefli@t range.

Syoile-~e AileronsOtherThan Slot-up Ailerons

Supplementa~ informationand acme of the resultsof vaIIious
investigationson modelsequippedwith s>oile&tiJpeaileronsare given
in tai>leI-B and in fives B1 to B133, respectively.Twc-dimensional
wind-tunneltest data,three-dimemionalwind-tunnelteat data,and

, flightdata are presentedin figuresB1 to B14, B15 tO B78j -B79
● to B133, respectively.Becausedatawere not obtainedat smallaileron

> projectionsin the investi~c.tionsof models %11 and B-TT, the curves
for &l and Cl, respectively, of thesemodelshave been fairedwith

dashedlinesfor thesesmall_projectionsto indicatethe probable
-v variationsof Lol and Cl with pro~ection. These data have been
.

faired thus on
investi~ations

the basis of data obtained
of similarlateral+ontrol

at smallprojectionsin other
devices.
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Tne spoilez=aileronusuallyprojectsaboveonewing and remains
withinthe airfoilcontouror projectssld.ghtlybelowthe lowercontour

.
w

on the otherwing when the controlstickis disphced laterally.When
spoilersand conventionalaileronsare compared,the fact that the 4
spoilereffectivenesson onewing is ccmpamble to the aileroneffective-.
ness on both wings shouldthereforebe considered..Nor a givenrollhg
performancethe span of the spoilermuet thereforebe largerthan that
of a conventionalaileron.

Althou@, as previouslyindicated,spoilerprojec-tioneof the
orderof O.Olcor lessproducedlittleor no rollingmcanentat low
Reynoldsand Bkoh numbe~, the effectivenessof Gpoilercontrolslocated
at approximatelyO.& or O.~cusua13yincreasedrapidlyfor projections“
between0.02cand 0.07cand increasedless rapidlyfor largerprojections.
Spoilerdata obtainedon a low- wing at low llft coefficients
incUcatedthatan increasedrollhg mcmentwas providedover the entire
projectionrangeand smallspoilerprojectionsbecamemore effective
as the Mach numberincreaseduntilshockwas obtained(figs.1168and B69
end reference13).

Retractableaileronsand hinged-plate-typespoileraileronslocated -
to the rear of approximately0.50cwere quiteeffectivein the low angle , ~..
of-attackza.nge,flapsup, but theireffectivenessGenerallydecreasedat
largeanglesof attack,probab3yas a resultof flow ~epuation ahead of
the spoilers(fig.Blk). As previouslyindicated,slottingthe wing
behindthe spoilers(thuschanginGthe retr~t%ble aileronto a plu~

.0

type aileron or ventilati~ the hinged-flaps~oiler)improvedthe
d

effectivenessin the high an@+of+ttack rangewitlhflapsup (fi~s.B44
to B47 and B95 and reference 10). Spoiler aileronc Generally were more
effectivewith flapsdown than in the fla~retractedconditionand
exhibiteda gyeatereffectivenesswith slottedflap~thanwith split
fhpD (fi@. B48 and B49).

The hinge+mnentcharacteristicsof spoile=ilerons generally
tend to be mmewhat erraticand quiteunusual;that i~, appreciable
ucmentsare providedby the @z@ype and hinged-plate-type~poiler
aileronc(fi.gc.B30, B76, and B101) end littleor no mcmentsare provided
by a thin retractableaileronhingedat the cen!mrof the spoilerarc
(fire.B14, B130,B131,emd B133 and references15 and 16). An
appreciableamountof controlover the hingemanentssto provide
acceptablecontrol.fozces,can be obtained>however,by such spoiler
modificationas varyingthe thicknessof the retractableaileronor
installinga plate (hingedor Gtatio-] on top of and nomal to the
opoilera~w (fius.B33 and B~ihto B50),venti~ or bevelingthe spoiler ●

(figs.B12 to Blh, B57 to B59, and B96),and providi~ otheraero-
dynamicbalance(fire.B11O andlZL18).With eitherthe hi~ed plate,

<

the pluG,or the thickretractableopoilerailcronc,openingmcments
were encounterednear neutznl– an effectproducedby the negative --
-pressureexistinGover the up~ercmmfaceof the wing (fi~s.B65 s+d B66). .-
This conditionmi~~ltbe
modilfyin~the spoiler.

cOrr&ted bY DIOttiWfJ~enti~j or othe~se
Control“feel”of the type nomally associated
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with conventionallateral+ontrolsurfaceshas alsobeen providedby
includinga shoz%+qyanconventionalaileron,,inadditionto the spoiler
device, in the lateral-controlsystan(figs.B70 to B73 and B124 to
B133).

Adleronawith Retractable+=peFlaps

The resultsof testsand the test conditionsof modelsand
airplemeswith aileronsin the presenceof retrabtable+ypeflaps
are givenin figuresCl to C49 and in table1A. Three+imensional
wind-tunneltits are presentedin f@ures Cl to C46 and fklghtdata
are presentedin figuresC47 to C!49.,

When aileronsin the presenceof retractable-t~eflapswere
used wtthduplexflap arrangements,the aileroncharacteristics obtained
with the partial-spaninboardflap deflectedindicatea sli~t increase
in rollingeffectivenessfor negativeailerondeflectionscunparedwith
that obtainedwith flap retractedand an increasein the variationof
hinge+mnent coefficientwith ailerondeflection(fi@. c8, C9,C1.1,
and C24). Becauseof the low speedin this attitude,the stickfozves
shouldnot be critical.

The characteristicsof aileronsin the presenceof flapsspanning
the samepart of the wing as the aileronsare affectedby the positions
and deflectio”tiof theseflapsand alsoby the contourof the flap.
Wind-tunnelinvestigationsindicatedthat deflecti~ a plain splitflap
in frontof an aileronhad a blanketingeffecton the aileronamd
resulted.in a decreasein rollingeffectivenessas well as a decrease
in the adverseyaw and the hingemoments(figs.C3 to Cll and C30 to C34).
Various tests of baUancedsplitor retractable-typeflapsaheadof
aileronsshowedthat this l,OSsin rolli~ ef~ectivenessdecreasedwhen
the flapwas moved downwarda~ frcm the wi~ contour,&ad also
rearward,so as to avoidcaupleteblanketiw of the aileron(figs.Cl~,
C22 to C29, and C47 to C49). In general,however,the rolling
effectivenessobtainedwith the outboardflapdeflectedand located
forwardof the aileronltlxgeUne was less than +&t obtainetiwith the
flap ret=ted (figs.c23 and c27).

Iacatiryjthe flap to the reccrof the aileronhinge line and
severalpezwentchozllbelow thewing contourincreased‘&e effective-
ness abovethat obtainedin the flap retractedcondition;and the
effectivenessof the upgoingaile~’onwas particularlygoodwhen the flap
was locatednear and slightlybelowthe ailerontrai- edge (figs.Cl,
C2, and C22 to C29). IvThenthe flap is located.rearwardof the aileron
hinge Lineand in closepro%~ty to the aileron,the positiveaileron
deflectionsshouldbe restrictedbecznmeof the deleteriouseffects
(suddenloss ineffectivenessandreversal ofhi~-cment slope)
obtaind. (Seereference22.) This clecreaseadeflectionis compensated
for in part-bythe
(fi~o C24andc29

increasedeffectivenessof the upgoingailer6-n
and reference22). When the flapwas moved rearward
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and aeflected,
(references21
C-TII1had the

the Mft
and 22],

charaotetisticsimprovedconsidemb3y
perticubr3Ywhen the configwxvtionof model

flapat-the wing ttiling edge. An GiMcation of the
flap loadson the outboardflapat varhm f3appositicmsand
deflectionsand at variousailerondeflectionsis givenin the pressure-
distributiondata obtainedon model GV (figs.C16-toC18). -

When the flapwas locatedand deflecteaforwardof the aileron
hingeand partlyblanketedthe aileron,the aileronhingemcments
indicateda d~f Loatlngtendency(figs.C8 to CU., Cl~, and C21),
and thisdown-f.matingtendencyaeureaspdand becamean up-floating
tendencyas the flapmoved rearward(fig.C24 and nferences 21 and
ZMe hlnge+cment-coefficieniideflectionslopegene?xddyiureased
negativelywith increasedaileroneffestiveness,flapsdown,and
particularlyf’orpositiveailercmdeflections.

22) ●

The adverseyawingeffectusualJyproducedby conventionalaileron
amanganentswas also evidentwhen a flapwas empl~ed uver the sernespan
as the aileron. This adverseyaw was appreciablewhen the flapwas
locatednear the wing trailingedgeand at highvaluesof wing llft
coefficient(figs.C24 and C29).

AppMcation of Data to SpecificAirplaneDesign

The datapresentedhereinhave not been comelated to provide
designchartsfor fizld+panfla~leron installations,as theyam
intendedprimaxilyfor illustratingthe effectsof full-spanfbps on
variouslateral+ontroldevices. Dest~ chartsfor conventional
ailerons,suchas the plainaileronsof groupA and the aileronsof
pp C, Wve been presentedin references2g and 32 to 35, and it iEJ
expectedthat fulkspan flapswould not preventuse of the chartsin
ailerondesignexceptfor aileroneffectivenesswith flap deflected.
When flapaare deflected~e~ertmentaldata shouldbe used.

**
4“

.8-
●

Althou@ no designchaxtshavebeen presentedspecificallyfor
spoile=~e controls,it is expectedend unpublisheddata indicate
that aboutthe S- relationexistsfor the effectivenessof spoile-
type control-sas for conventionalaileronswith respectto spanwise
locationof the controldevice. me valuesof aileroneffestiveness
at variuusspanwlselocationsgivenin references32 - 34 are
thereforeconsideredto hold for spoilerailerons.

In orderto find the rollingmcaentproducedby a control,the
●

effectivechangein the angleof attackproducedby a givencontrol
defIection(orprojectionfor spoilers)must aJ&!obe lamwn. Conventional

.:

ailerondesignwti~zes the ailero~ffectivenessfaotor k (or
&/~) multipliedby the controldeflection 5 to obtainthe angle- -8.

of+ttack change,but spoilerdesi~ ctiot employthis stiplemethod
.

becausespoilereffectivenessis a ccmrplexftrnctionof spoiler
.

projectionand angleof attack. A chartof effectivechangein angle
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of attack & (or kb) ptiuced by variousspoilarprojections
shouldthereforebe utilizedto obtain & and providethe rolling
mtmentobtainablewith the givencontroles shownin the following

c~
equation -_&.ez whelm u4.6~ equalsthe expression CZ8/k

usesin references32and34. This pzmcedurewill ultimatelygive the
pb Cz

rol&hg effectiveness“pb/2V of the controlby the relation — s —.
m Czn

The value of C1p emplwed is the saneas that for an aileronspanni~

the seinepart of the wing as the spoilerin question,since Clp is

expectedto be the ssme for spoilersand ailerons, In orderto obtain
the aforemmtionedvaluesof Au (orkb) for a givenspoile~type
ccmtrol,the spoilergeanet~, the chordwiselocationof the spoiler,
and the wing profilemust be consideredas theseall affectthe values
of A& ,,

With regexiLto spoile~ontrol stickforces,a numberof general
faotsem knownand have been tiscussedaboutthe hingemcmentsof ‘
slot-up, flakpla%e, plu@ype, and retractable+zw-tyyespoilersand
the methodsof balancingthesecontrolsurfaces. Althoughno design
chartsexistfor balancingthesecontrols,the availablespoiler
data are consideredfairlyadeqyatefor preMmharg designand indicate
possiblemodificationsto obtainacceptablecontrolforces.

my tiOriti Aeronautical.Iaboratozy
NationalJWvisov Ccmittee for Aeronautics

LangleyField,Vs., Septeaiber22, 1947

.4’



NACA TN NO. 1404 ..

4“

%

1. Wenzinger,Carl J., and Bamber,MilJardJ.: Win&Tunnel Testsof 1
ThreeLatpral-ControlDevicesin Canbhationtith a FulI+an
s~ottedFwp on an N.A.C.A.23012Mrfoil. IWA !13JN0.659s19380

2. Short&L,JosephA.: Wind,l ardFli@rt Tests of s~ot-~p
Ailercms. NACA Rep. No. 602, 1937.

3. Ro~llo, Fmnci.sM., and Spano,Hokmews.: Win&Tunnel
Investigationof aPlainand aSlol+HpAdleron onaWingwith
a Full-pan SlottedFlap. NACAACR, April 1941.

4.Rogallo,F. M., and Schuldenfrei,Marvin: Wind~l Investigation
of a Plainand a Slot+IdpAileronon a Wing with a FtzU+an
Flap Consistingof an InboazilI?awlerand an OutboazdSlotted
h’lap.NACA ARR, Jw 1941.

5.Wetmore,JosephW., and Sawyer,RichardH.: FU@t Tests of
F21+2Airplanewith lhill-+anSlottedFlapsand TrafLlng-Edgeand
Slokup Ailerons● NACAARE?No. 3L07$1943.

6.Wenzinger,cexl J.: Wind-TunnelInvestigationof the Aerodynamic
Balsmcingof Uppe&wd%ce Mlerons and SpkltFIEtpB.NACA Rep.
No. 549, 1935.

7. Weick,Fred E., and Wenzinger,Cerl J.: Win&~l Research
ComparingIateralControlDevices,Particularlyat High Angles
of Attack. XII - UppetiurfaceAileronson Wingswith Split
Flaps. NACA Rep. No. 499, 1934..

8. Shortal,J. A.: Effectof Retractab@poiler Iacationon Rolli~
and Yating-kmentCoefficients.NACA ~~ ~~0.499, 1934.

.
8

9.Wenzinger,Carl J., and Ro~llo, FrancisM.: Wind-Tunnel
gationof’Spoiler,Deflector,and Slot Ia.teraMontrol
on Wingswith Full+an Splitand SlottedFlaps. NACA
NO. 706,1941.

10.Regal.lo,FrancisM., and Swanson,RobertS.: lfind~l

Investi-
))evices
Rep.

Develop?mnt
of a Plug+-pe Spoiletilot Aileronfor a WiW with a Full+an
SlottedFlap and a Discussionof Its Application.NACAAIIR,
Nov. 1941. &

I.I..Rogallo,F. M., and Spano,BartholcmmwS.: Wind-TtmnelInvestigation
*m

of a Spoile~lot Aileronon an NACA 23012Airfoilwith a Full-
Span FowlerFlap. NACAARR, Dec. 1941. +.

.



NACA ~ NO. 1404 15..
“*

12.Lowry,John G., and Liddel.1,RobertB.: Wind-TunnelInvestigation.
of a Tapered,Wing with a Plu&~e Spotletilot Aileronand
Full+an SlottedFlaps. NACA MU?, J* 1942.

%
13.Iaitone,Edlnunav.: An Investigationof the IUgkSpeed Iateral-

ControlCharacteristicsof a Spoiler. NACA ACR No.●~23, 1944.

14. Clousing,L. A., Lehr,RobertR., and O%ulXvan, WilliamJ.: Full-
ScaleWind-Tunneland FlightTests of a FairohtldXR2K-1Airplane
with a Zap Flap and Uppez+Surface ~lero~~ing Installation.
NACA ARE?,tih 1942.

15. %ul& H. A., end McAvoy,W. Ho: Fli@t Investigationof Lateral
ControlDevicesfor Use with I%lLApan Flaps. NACA Rep. No. 517,
1935.

16.Wetmore,J. W.:
Taperd Wing.

17. Baker,Paul S.:
Arrangement.

-v
-.

--
h

— —

FlightTestsof Retractableikileronson a Highly
NACA TN NO. 714$1939.

The Developmentof a New Iatero&Control
NACAKKR, Oct. 1941.

18.Platt,RobetiC., ana Shortal,JosephA.: Wind#unnel Investigation
of Wingswith OrdinaqyAilerms and Full.-SpanEkternal-Airfoil
Flaps. NACA Rep. No. 603, 1937.

19.Wenzir&er,Carl J., and Ames,MiltonB., Jr.: lJifi-Tunnel
Investigationof Rectangularana Tapere&N.A.C.A. 23012Wings
with PlainAileronsand Full+an SplitI?laps.NACA TN No. 661,
1938.

20. Harris,ThomasA., and Purser,PaulE.: Wind-IlhuuMlInvestigation
of slainAileronsfor a Wing with a Full-spanFlap Consisting
of an InboardFowlerand an OutboardRetmotable SplitFlap.
NACA ACR, hkrch 1941.

21. Rogallo,F. M., and Lowry,John G.: Wind-TunnelInvestigationof
a PlainAileronand a BalanoedAileronon a ‘laperdWing with
Ful&Span DuplexFlaps. NACA ~, Jiily19~~2.

22. Rogafio,F. M., Iawry,JohnG., and Fischel,Jaok: Wind-reel
Investi~tlon of a Full-spanRetractablel?lapin Ccmnbination
with,Full-spanPlainand InternallyBalanoe&Aileronson a
TapermiWing. NACA ARR No. 3u23,1943.

23.Grshmn,RobertR., and Ashworth,C. Dixon: Tests in the l>Foot
PressureTunnelof a l/2.7~cale MoCielof the F4U-1Airplane
with SeveralBalencea Elevatom, Full+p.anFlaps,and Droppable
Gas Tank. NACA ACR, Ott. 19420



NACA ‘TN No, 140):

Rogallo,~~Ci8 M., and Swanson,RobertS.: Wind-TunnelTests
of a Twin-EngineModelto Determinethe Effectof Directionof
?ropellerRotationon the Static~tabilityCharacteristics.
NACAAJ?U?,Jan. 1943.

Willhmm”,W. C.: A ~l&jhtInvcmtigationof IntezmallyBalanced
GealedAileronsin the l?re~enceof a Balanced~gylltFlaQ.
NACAARR, I* 1942.

nogdlo, F. M.: Collectionof Balanced-.liloronTeatData.
NACA ACR NO* 4A1.1,194]!..

Sm.ra,Richard1.: WindA’umel Data on the AerodynamicCharac-
teristicsof Aiz@ane ControlSurfaces. NACAACR No. 3L08,1943.

SIWUISOn,Ftobert~., and To~, ~mas A.: Je&BcmndazyCorrectiorm
for Roflectio&PlaneModcdsin Rectwn&rWindTunnels.
MAC!ARep. No. 770,1943.

LangleyRe~eamh Deparhnent:Summargof Iatoi=l<ontrolIleQearch.
(Ccmpiledby TlmmasA. ToIL.) NACA IT1lJo.12h5,1947.

Wetck,I?redE., and Shortal~JQD@ A.: Devclopnentof the N.A.C.A.
SloAtIdpAileron. lTACA~~ ~~0.547, 1935.

Fumer, PaulE., andl&Khney, IMzabeth G.: CCmlpaitiSOnOf
I?itchinglkmentsI?roclucedby PlainFlapsand by Spoilersand
ScmeAerodynamicCharacteristic=of an HIKV.23012Airfoilwith
VariousIQyes01 Lileron= NACAACR NO. I@2ha, 1945.

Pearson,HenryA., and Jones,RobertT.: Theore”bicalLHxM1.ity
and ControlCharacteristicsof WingstithVariousAmountsof
Taperand Twist. NACARep. No. 635,1936.

.lmee,MiltonB., Jr., and Sears,RichardI.: DeterminationOf
Control-4hu&ue ChazzactelxlsticsfrcmIWA I?lain-1’lapad Tab
Data. NACA m~P.No. 721, 1941.

Gilruth,IL R,, and Turner,W. N.: Lzteral. Control Muired
for Oatiaic,c tozy lllyi~ Qual.i-tie~ Baaed on Flight !l%wts”of
NvnmromAiq@xnes. MCA Rep. No. 715,19h1c

Pearson,HenryA., and Aiken$WilliezaD.s Jr.: Clu+o for tie
DetezmineAxionof Wing T!orcctonalStiffnessEccfpiredfor Syocified
Rolli~ CharacteristicD or AileronRoverml Speed. NACA Rep.
No. 799;1944.

.
4

s=

.
.

a

D-
. .

. .-
M

*

I

,

a

r
,.

● +.

.



‘*
‘a

Zble X- Suppkmen+ory Informo+km Agurd)hg Zsr% of Models und A)rphne.s Hawhg Fu//- Span F/ops

A- S/o}- .4p and F/up-Ttih@-Gzje Ailerons

7
AA

m .-—

m -—-

-.
Yilemn Iocufion al
Dh)> ~l]er~n J~}_~
Yi + ~e *2i6Z
---‘--410---

------J/y---

------___.J3

---—-----.63

.63 A% Jo .63

63 [00 .10 .63

.34 .303 +{, .428

-–- --– --– .4/

Oub]i3he~

re fertmce

/

z?.s/g-
Vi/&

/?-1

9-B

9-.

NACR230/!

4WCR66,2- 2/6

==F= 6.0 /.00

6.0 L00

40 /00

440Loo

(%88 .66

6.0Loo

58 .65

Ch’k Y z

A!ACR 2302’

NACA 2?30~2 3

/KACA 2’30/2 4

NACA

/VAt.A 24Z2 2



5-27

B-m

Azx

B-z

8X

&2i

B-m

B-x!

,~’~; ~ ./I!AC/? 2’30/2 m --- --- --- .+ --- --- --- ..73 --- --- --- ~’w” ~=~.@/@ ,
dmen.vonulM= 021

ma I
NRCA 0009 m --- --- --- --- --- --- --- Two R=L4ZX/04

b<” ~
.6.5 —-—--- --—

dmem%wolM= &V

-2+ ~
NRCA66(215)-2/’6 m --- --- --- .25 --- --- --- .75 GO--- ___ —-- R=2.&Wx/#

‘dmenstonol MWundd/D

.60 Am .25 Loo
Full-spin

[lurk Y 6 / 0 /00
R=a6/x/06 7_—- ---

./& .40 Aa9 ./5 10(9 ‘-- wtngmodel M=all

~j ‘~
.30

Ckvk Y 6 / o Loo .20 .50 [u@ --,- .60
Full-sptm M61’x /06--- ---- -—- 8

wmg model rn=ali
s@f .839

F m

. . –1 h%- Y-//i 4 / o [00 .20 .63 m .// .40
i -

.63 Loo ./5 ~Q~k@ R=i44x/04
JpAJ .25 wingmod M:~ g5J

~ i

G

.63 Loo .10 .40- —A.
C/ork Y15 .4 / --- --- --- .69 Loo ./0 J’em@On._— .90 63 Llm ./5

k=L44x/04

.33 .53 ./0 ,40
my md?l AMU55

“““--q )~flp. _ Clofk ,53 [Oo --- .7~o~d,75 .63 [00 ./5 ~e~=pn. .

L

Y-15 R:144xlo’ ~._—.

“– ~ ‘ACA 23012 4 1 0 ’00 63 ’00 .7;- ..50%%0 ‘-- -’-- ‘-- “ng ‘&/ ‘0855-

& “.73 [00 --- .6/ --- --- ---- J:;m, Jnkn,wn

F

.—.
1 .&5

-_j pjj?z NRCA 23~12 4 0 Loo -Z& .63 [00 --- ;:;5
Jernqan IQ=L44X106 ,0..-., —-- --- ---

.70
wingmodel MS04??5

+- ! ,2- ‘Ac’2’o’2 ~-

..—---
4 / 0 ((29.3:r ,63 [ho --- .685 --- ——--—_ .femipn R=k!44x10b ,,

mrkjnm$w/waz5—.—- L;
/i7cR /q,,@

c+- ;,, Jemispn P=L542,05XIP2~@&5 3f)06.23 5.6 .6 0 .98 .;:7 .54 .@ ---j .75 -- --- ---
~ pppo&/ ‘(upproxy 8 Wing /no&/ m =(W8d/f// “

~“-- 5.6 .6 0 .98 .207 .54 .98 --- .75 --- --- --- &n.pzn lf:205xlo~
w wed My /nOk/ AMiz ~

-T1’rl! m ~



,*, v ‘R
‘b

—..-
wAg mode/ti=d3fod7z$ r “

! t I

~ gg?~ J$’:;N /i38 .398 0 @% a$5 .& .88 --- .73 .&98 .493 .20 Complde& Unknown

Z-//$’ FAcole

- “r’’fie!

R=2.36xh96
z7/ 100 0 .974 ,376 .392 .974 ./96 .90 ~b~~~ fl=.@ M--- --— —-

Zap rid ?%4ght-—-. --. —

u —12----1”, ,9 r l-n /n/l In ,rwl .24? fjy (j7~- ___ .~~ .09 .92 ./8
Fhghf --——— —. /5

%8 .92 ./36 Loo --- —-- —-
1 I -r.. .

‘:;= I :Tr:. P I.Z I o Ilo(kwi.; .s?2 .(W9--- .74 --- --- -- . F/&h t -——- —-— /6



Tub/e l.-Supp/emen+ury Im%rmo+ionk?egardngZsta of Modek ondAi)plona Roving Full+on .L70pg- Concfuded.

C-Ailerons wl+h %4-ucidl.e - @pe Flaps.
NATIoNALMW9!W .

COMMITTEEFORAERoNAUT1G5

Model or qohne ~pico, ~i,eron Airfoil section ~
Des@- P/or/fNm of A ~ @

ootion .wrfoc.e section Roof fip
.5

‘-’IC-P-==-I ‘A”“0’2
6.01000

‘e‘~c-m ., MCA
+ ‘ACA6./6 .2.92 0.23014.7 ~Joo$l

(approx)

c-m

<
‘ ~ +#&- ;:;’ 5“88“37 0

c-n ~~ ~- /wcA 230/2 ix Loo o
1 s 1 I 1 1

D hcofion “end chord Role;: ~oLW
n-d flag Outboard flop

% & & “%

Loo4,2 ---- --- ---- 0 LooQg

/00 .20 0 [00 ./0~phl--– --- ___

.40 100 ./5
—.
.63 .30 .63 Loo .20 ,63 M(9 ./!

.rplif

,565 ,30 .365.976.20 ,565.973./5

.57h;$~,59.96(&j,59.97./.5
sbfted spl)f bppro~

,58 .~~7 ,$8 .98 ~$o$ ..58 .98 .I!Z5
$Weo spht

.98 .207--- --- --- 0 .98 .08
split

!565 :): .585 .96 .20 .5ti ,96 ./8
*W qdi+ pfro+bpyq

.57 L&j .57 .94 .20 .57 .94 .20
$Wai aph? ppro~

.626 .202 .6Z6 .93g .234 .bzb .939 ./92
Sbtfid $pbf

.60 &’r .bu .96 .204 .60 .96 ,/.52
.172 S/hi

.4$ .2/ .45 .97 ,20 .45 .97./5
Sbtl!d

.44.20,45.97.20.44,97./5
sb%d

,56~:: .56,94$+ *56.94.20

wng modei

Sepispun
ving model

Comple}e
model

Complete
model

L’omple}e
model

Compleie
modeJ

Complete
model

C’ompk}e

Fllgh+

hE77i7
IM=&O&

~k?=2L?4is4x/D
M:Wmdd08

k=.2ox/o*
M’d05

R=2.6X106
Al=d/3

R=.7d.WY/06
hWLmdQ4f5

R=2633..2x/Ob
IWWanclw

R=.5Lf.75X/Ob
M=uo80ndQ//

k=.~ .8x/Oh
M%?monddl

--------

Published

Veference

/.8

/9

20

2/

22

23

2+

25



$-+
T

I

I

1

1

{,’,
* u

./L9c

310t-Jip-uileron configurafton

Plain-aileron conf’iguraiion

NAtIONAi AOVISORY
COMNITTESMS ASROSAUTICS g

FI@ue Al.-

z’

—



,;i’m ~=-== ,——
“-L

.5

.4

.3

11!11111 I 1]I I I I

1-L

“f-w

-60 =.50 -40 -30 4’0 -/0 o
Ai)%Fofi def/@cfiOfl, doI@7

[b) ?If. 20°.

FlgurO A2.- Corunmi.

m)bf, OO.

F!Lwrr A?.- HPct of slot-Urr@lerm deIlectIen on ha -Ion aemdgmmic ctaraxdx~a of aU NACA 2WIZ
airfcu aqui* with a fuu-w sIo.wd fkp.

a

k“
d, ,8

1
: .

I



i ., *,1

5
.

1 A \ 1 l\.\l , I , I

-@ -50 -43 -30 -20 +9 ““ o
Ai)’’ron def/’ction, &%,,cYeg

{:,
4 b

?,

.3

@ -30 40 -/0 o /0 20 30 40 50

G“ Ai/eron def/ecflon, 6P, deg

(c) LTf, 400.

Figure AZ.- Concluded.
(a) of, 00.

Figure AS.- Effect ofpmaileron defktion on the section aerodynamic characteristics cd an NACA 23312
alrfou equipped with a ftdi-span slotted flap.



5“ A;%ron d~flecth, d’+ deg

{b) .Yf, 3a3°.

Figure AS.- Conthwd.

.

● 9

4 ,. ,‘,

i,

,

/

@-. -Go/020, W40W4o 59

fc) bf, 40=.

FIKUIWA3.- ComItim.



1
*. 1,4

t------” 36’ “

.

.8

c=

11--
~L.eading Q@Q of sloifed fhp

—— —— .

l=-.poc j-d

Shfied f/’p /-@/rac+eo’ ‘htf’d ‘i”P’
%2/> f/ap O!#i/e&W NATIONAL ADVISORY

COMMITTEE FORANtONAUTICS

-30 -’0 -/4 o /5 26’ 34
Fhh -fh/o defkctiofl , deg

(a) SLOttedflapretract-,5~=OO.

FiA’we A5. - Effect d p]tlillflft~deflection on tm Iff’tc~acterfstfcs @ ~ NACA (3+-215, a = 0.6 ~fl~fl R

wftb 0.S2C SLOttedand O.10c plefn flap.FfgIUE A4.- Plan form and secUons of an NACA 66,2-216, a. 0.6 airfofl wmh a slotted and plaln flap as
tested fn Ls@ey two-dimenstoml low-turbulence tuuuel.



.6

.2

-
-30 --0 -/0 o /0 20 30
Plolh-flupdef%w?bn, deg

..i

.8

.4



~ /0.66n——————+

II

II

II
1[
II

II
II

II
L-I
@

———

I
I
I

I
I
I
I
I

I
I
I
I
I

I
I
I
I

—t — --w

.
,J

b

& .s/07=//$ ai/eTon or @30c.

@ S/ot-hp ai/eroD of 0.556,

\\ \ NATIONAL ADVISORY
‘ CONNITTEE F(M AERONAUTICS

@70?vp Ul%?mh 0/ f255c Wirh +ot?clal slot ~

a
~

>

F@re A6. - Plan form and Sectfons of the Clark Y WIQStested with slot-ltp afleron.s nnd f@l-span s@lt flaps
in the LangleY 7- by 10-foot tunnel.



.

A,/erin defkcflon, &d, u’eg

I , , , 1 , , , 1 1 1 1 l--

I Ill

$& 5

q-
1

i NLL!VISLJ 1 i
1.7d+AMlnEE F~ AERONAUTICS

?:$ “02

I I I I

hi.. %1--n
! .+ I ! I I !
1 I

I ,

7
.,
! I

,,,, L *,—--+-+- I
-.

,, I i
S-M ‘

F I ! II
I

11!1 I

., w.,
,! .

II



4, ‘,1
d !4

-90 -a -70 -60 -50 -.@ -30 -20 -/0 O 10
AI&oQ def/ecflon, 6&l,cieg

I&) CL
-3 .78

0 1/2

Aileron cief/ectlon, do~i,deg

(b) bf, L?OO.

Figure A8.- Condd?d.

(a) 6f, OO.

Fi8’uIw A8.- Rolling-moment and yawing-mom.snt coefficients of the Clark Y wing due to slot-lip ailerons
at O.WC.



/---
L-

—

I

-A f
4

- :—— I
— w

.
4

t .

5V-.02 ,i i- i i /ITI I I I
-90“-80-70 -60 ‘ -50 -40 -30 -20 -10 0 10

Aileron defkti;on, &@&g

Q
.77

/./2
/!8/

-w -80 -70 .60 .50 -40 -30 -.20 -/0 o 10
A&on def/ecflbn,8%l,dq

{b) 6,, d’.

FIKW AU.- Comldd.

(al 4r 0.’.

FIIw? AQ.- ltdtirw id yawlrg-mommt cwf!lcimts of W Clark Y w!r$ ,iw t> ti ?1-1:$ al!erorm at :>.5W

A 0

I ,. t.



*,
<

cc

(deg} CL

Aileron def/ecfion, &&’@9

(a) 6f, OO.

Figure AlO.- F@llIw- amj yawing-mom~t c@fjciefls of the Clark Y WI* due tg slot-lip wemns at
0.55C with a special slot.

v
\

-v

IFo
A

r

•1

,— x

f;:) CL
.75

0 1.G9
10 /79
/5 2.10
20 132

- “-
-W -80 .70 -60 -50 -40 -30 -20 -/0 O IO

Akvim deflection, S%l, deg

(b) 6f, @Jo.

Fimre AlO.- Concltied.



32
ModelA-IV

NACA TN NO. 1404 .

,,

.
.

rnup /’2ad@ eufge <

——— .- —.—— —

●

. .25&6c s/Wai f/ap

.--i ---t -----~=

plikron hinge he
<

A7en.w trAIIng edge

/[
./uc

A ---- -—-— —--

+

u

h-,.

-..

Y

)

.... \
“... . . .. . ...

\ \ “...
‘\ ..

--+, “. .-,””...:’..
W* . .. ..

.- . .

““”%’”,,

~ATiONAL ADVISORY
cOMMITTEE KM AIROMNTICS .

.

Fir.me All. - Plan farm WI sectionof the 10- by ~-limb NACA 23212 WIIWte8fed wtfh a full-men slcttwl
@ and a ski-up afleron fn the Lmwler 7- by lWfmt t-l.



(a) 6p OO.

Figure A12.- lldhg-, yawing-, andhinge-moment characteri~ics of the 1O-10by (Winch wing eqtiPDed with
fti-soan slotted fbiPs @ a SIOt-liP *lcmm

*

.Jitsr$$

b

.7
,

t’(xl I I I I ! I I I w]! l“”

I /1 I Y I
.0 I I I I h I n 1 I 1

4 II II
1

i

Aileron def@Chj %g, ~eg

(b) 5f, 40°.

Figure A12.- COUClti~.



To c. 4’—

.—. —___ .

NATIONAL ADVISORY

COMHITTEE FOS AERONAUTICS

HWUre A1 3.- E31agrsmoftea~tup and a caction of UP? 4- by S-foot FJACA 293?2 sam.iqmn wirg t+sra.i wi!h
a C.:.5L%full-e S19Ued flsp ad O.1OC by 0.57 b/.S slot-lip d plsiu ajlt.rons in th+ LaJ@ey 7. @
y)+,:ot t~Jw’1.

-50 -.40 -30 -20 -/0 o /0 20 30
Phtn-a)leron def/ectlon,6%, deg

(a) FlaPret=led, slxcloeed.

FIkurs A14.- Eff@ct of plam+bwon dctlell$n an the aercdyrandc ctiteristicn of the 4- by Moot
NACA 23N2 Smispan w!rg ?qul?rd with a O.%W full-mm!! sPA&4 flap aid C.IOC Ly 0.37 W2 slot-llp
awl Plain ailerons. 6a* , l?’>.

1

-fn *
a. *!;

.



/I

J!!Hl!!~ll!l
1 I w .%,

.4

..2

4-.
I I I I I 1 I I I I I I I I k-h I

-. 6 I I I I I I I I I
-. 6

, , , I 1 1 1 I

oz’-

m c1 J’.d

A /1.7
/ •1 200
/.

.0/

I r T

T
[- ---(y

-L3-i?~ ‘
I I I I 1 I I
M

-.02

50 -40 -30 -20 -10 0 10 20 JO
~/C71)?-(71k?~/7.&f/@ction,6@dQg

-40 -30 -20 -/0 o 10 20 30 #
Plain-aileron d~fl~ction, dop, deg

g

g
(C) 6f, ~“.

Figure A14.- concluded. >

%

(b) 6f, 20°.

Figure Aj4.- Ccmtinued.



!4

-/2’

3$’ .0/

%0
-$
8

-.0/

.$ -a?

$
-.03

-w -40 -30 -A? -/0 o
Slof-;p-ade.rov deflec.tion,60~Pdeg

* b

1“,, #‘.

.4

-12

/7r7==-

1 I I I I I I
*TIOML ADVISOW

~TTEE M AE~

tiiiiiiiiiiii”iiil
-50 -40 -30 .20 -/0 o 10

&ii.hp- aihw deflection, 6%1, dQ9

(b) ef, W.

Fi- A15.- Cmtluwd.

.10 \
&

-.0..2

P
I-P



,.4

I I I I I I I I I I I I I I I I I

-50 -40 -30 .20 -/0 o f9 20
Slot.+ ah-on defhchon, 60~1, dQ9

(c)5f,3J0.
Fim A15.- Continued.

‘.
4 “ b’

-50 -.40 -30 -20 -/0 o 10
610rVIp -- aileron defhcfion, &~l, deg

(d) 6f , 40°.

FlKureA15.- COl$lnUd

“,?



.4

-L?

)-7--=&
i

6{=50°

I l\ *W \l
I I I Ylma I I I I I I i J

1- 1 1 1 II ! 1 1 1 , ,
.+ I I Y

‘“- -60 .50 -40 -30 -20 -10 0 10

Slot-/Ip– oihrun deflection, &$pdeg

(e) $, E4f;illp mm ~ O.mh.l- cd Up d OJIIEC * lIr?.

m A15.- Cdlmd.

.

u Izl. o L,uv 1- 1 I r . I

+,

l.11- r!-’+.! m. I,
rm-u#i!_’~‘+%. .

1 I .,

I -?--/=

Iiil

---
-50 -40 -Jo -20 -/0 01020

Slot.hp -aileron tilecfion, 6QI, O@

(f] af, E&; flmp7am I* O.mlk - of up and0.0- Mm up

RXIUWA15.- COmhd@d.



I

Inboard

NATIONAL ADVISORY
CONNITTEEFORAERONAUTICS

\ FlaDrefracted

FiSIIWA1&- L%IIform and sectfons M the 4- by 8-fc9t NACA 29)12 semlswn wingeqwfppedwith0.97 LI12
mcdfffeddotted napoutboard&a a 0.63 b12 IW+ler 51RPIIIbmd .!th 0.% bla seti~ sM-UV ~ VW
aifemns. Tested m the Langley 7- bT lo-foot wfd thnnel.

‘L\

(a) dfl> 00; L3f2, 00.

F@re Al’/. - Effect of S4ed.pbin-atleron deflection on tbe aemdgfmmic charactertsttcs cf the
NACA 23)12 Wills.



r?

.2

0

72

-d

7$

.L?2

o

7!2

(b]Of, ‘ ‘O; sfa’ 00”

F&U= All.- . Ctimd.

i~ A

*
“. *‘.

I I I

.

-90 -30 -20 -u o /0 Z@ 30

/.2) 6f1, 400; 6f2, 25:.

Figlm A17.- Conmdcd.



b. b

4

.2

& o

\
\Q

t I I I I
Y

[.T I I I I I I I I I I I I I I I
-5i? -40 –.0 -20 -M L4A720

s/o*-@ -a/j@oP def/ect/b@!&@7

./2

./L9‘
L’

.49$’\
.Af g

4?

(a) 8i1,400; 8f2, 25°.

F- A18.< Effest of seaMd slot-lipaileron deflection on the aemdynandc characteristics d the
NACA 22)12 WIW.

.

H#i,l,,f‘A /38 25
•12233.2 I II

. +.. @

,(2

0

7%2 I 11
Gquld&W&hRfW&Kullos

.4?

(b) Ofl, 40°; .5%, 35°.

Fiwre A18.- Cmdded.



—

~ I NATIONALADVISORY
CUIMITTEEFOBAERWAUTICS

\\
\\

NATIONAL ADVISORY
\ ~~~

COHHITTEE FOR AERONAUTICS ‘A\: \

\\
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Figure AS%- Plan form and section of the WJDSof a fighter-type airplane tested in flkght at Langley with
full-span siotted flaps, internally balanced hailing-edge ailerons, and s101-UP aflerms. Figure A29.-

I

H#

hl I /’i’l I
I

I 1 I
I I

!!
7’

\ I\
\ Eght aileron

i ! I !

/ I l\ I I I
.:

I

/ !
r

/

/,
{

I I I I I v

/
ATI ONAL ADVISORY

OOMMITTEE FOR AERONAUTI05 \
I I I I

I I I I I i I , , I. .
-30 a -/0 o /2? 20 -W

.&f + /?/gh+
S)%k posjfion, ciPg from neu+ral

R,Sh.tioll k&w&3ntl’aillns-edse d Slot-lip.auerun deflections and stick ~SIUCJIL stick
le@b, 19.0 fnches.



20

/$

o

.8

4

0

0

26

/0

n
J ,4 .8 L2 16 20 24

/-/he ,, Sl?c
NATl~AL APVISORY

COMMITTEE FOR AEROHAUTIG5

$ 4

w t. . . .

Left up Plghi up
Aileron deflection from trim, deg

Fjrure A31.- Vni+ation of wins-Up heilx rmsle (pb/ZV) with Weron dnflectlon. Mertilg-talanced IlaP
trallkns-mige alierorm defiecW .skP1-MP~~~ neu~ l~e~-fi3ht Wwer.

F WI% ASS.- Vmhlbnofallemnd.!lleckton, efmctlroness.ard suck force with alrapcd for fdl stick khI.GW
i?

Or S1-px!d suck force. Inkermlly lmtmm@dflap traU?W-edge mihrmwdeli.?ct~, slot-lip atlerpm
r,erJr* Imd.flistt prom..



I I \ I I I I I I I

l’A-

-im

I I I I I I

,,, J-== x 94
❑ 106

0 IIC9
~ /33
.[ 1,4A

I <.Y-”
/ ‘

Y

, ! I 1 I I [
NATIcXAALADW30RY

COHITTEE FOR AERONAUTICS

I I I I I I I I I
.@30a/o o/02030@ 50

“f up X&h } Up
Ai/ieron def/eci?on from #rim, deg

.

(b) Flap selector setting, 33°.

Figure A33. - COntinUti.
(a) Flap -Wlector scttimz. no.

~~e A33.- VariaUon of win3-Up helix Eqle (Qbi’!!V) end stick force with de!leuxton of upgoing slot-lip
deIvx flap tra!liug+e ailerons neuti level -fllght power.



(c) Flap a@l!actms@tthq, 40G.

Flgurn A33.- &ntinA.

td) Fhp a.?lnctorseuiw, I@O.

Fimm! AX3.- cmcluied.



. . ,,..
v v

c =/?0”

.15C --q
II
Ii
{1
,1
II
u
II

j

iall

$
,1
,1
,1
II
II
II
II
II
1!
II
II
1,
II
II

NATIONAL ADVISORY
CON)NT’KE FDh AERONAUTICS

},
*

,#
t

—

l--

NATIONAL ADVISORY
CONNITTEE FDSAESDSAUTICS

mve B1.- Plan form and sectkon of tbe Clark Y airIo!J kested bI the hnsLey 7- by lo-foot tunnel.
Figure W.- secuon of unbnhnced upper-stiace allemn and rebalanced split I-p and secUon c’f b~

upper-surface aileron nnd balancd split flap wkth A, aileron axes, sMW, flap axes tested.
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(b) . 3poiler located at 0.833c.

Figure EEo.- concluded.
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Figure B31.- Conclwled.
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Figure B33.- Ailercm characteristics of a retractable a!leron on a Clark Y-15 wing with a O.ZOCfull-span
split flap. .
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(a) 6f, OO.

Figure B35.- Aileron characteristics G4a O.1OCdeilector bing.sd at 0.50c on an NACA 2SJ12 wing with a
0.256& full-qmn slotted flap.
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Flcmre B25.- Concluded.
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F!mire E41.- RAlllrIg d hlrge-moment characterisUcs of 81rfolI equipped wNb BLackburn retractable
arc smiler.

dc?g

.

.

?.
●

.-.

.-

,



*
.
.-l

.

.

.9

b

●

-*.

. ●

✎

NACA TN No. 1404 83
Model B-XI

F@me B42.- SchemO.Ucdiagram of the 4-by 8-foot NACA 29012 semfspan wfmgtestei tn the Lar@ey ?- by
10-fOOt tunnel.
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Figure B45.- .Aueron chzracterfstics bf a 0.27 b/2 ph&y& afleron on an NACA 2~12 wlds with a 0.25W0
full-span slotted flap. W1dtb of spoiler face, O.O~c.
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(b) Flap deflected 40°; a, lS.~; CL, 2.26.

FiP S45.- ConelMIed.
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(a) Flap neutraU a, 9.1°; CL, 0.77.

Figure B-W.- Aileron characteristics of a 0.27 W2 plug-tyFe aiferon on an NACA 23)12 wing with a 0.25C16C
full-span slotted flap. Width of spauar face, 0.002c.
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A//eron pro~ec Ion, percent c ori

(C) Flap deflected dOO.

Fisure S48.- Concluded.
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Figure 1349.- Aileron char=teri*ics of a D.3T b/2 PIW-tYW al~~n on ~ NACA 2~12 ‘hg ‘ith a ‘.~c
fIAI-SWI .@t fl~ den-~ fPJO. Arr-ment A-



1.2

,8

4 I

.“ .

-50 -47 -.30 .20 -/0 o /0 2.0 30
up Alieron defleci%n, deg Down

-9! -83 -66-45 -23 0 2.4 4$
A.ierinpwJec~/on, psrcenfcbrd

T###l

-50 -40 -30 -a -10 0 10 20 30
up Aileron deflection, deg Dam

,- L?8 -8.3 -6.6 -4.5-2,3 0 2.4 44
Aileron prqiction, percent chord

[b} mv d@lecled 40°.

FIEuln m.- Codlkind.



? I

.Olp

I F-J-I,

- -J5C

COMMITTEEF@ AERONAtITKS
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Figure B52.- Ailercm characteristics of a 0.37 b/2 plhg+ype aileron on an NACA 23312 wlrg with a 0.32c
full-spin Fowlor flap.
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FW.we B59.- The 0.4-scEde mcdel of a tapered semispam wing with a plug-:~ aueran ~ a fuu.spau
fiap tesfed h the Langley 7- hy 10-fmt tunmel.
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Figure B54. - DetaILs of the PIUS aileron fad varfous plug modlficaticms on the tapsred-wing mdel,
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Flgure B95.- Variation, of average rate of roll due to 8@ler denection with 8tick angle for the alrpb.ne.
Flaps full down and ailerons drooped29°,11.5 miles per hour abve stall.

Figure B96. - Vmiation & 6tick force with stick angle for the airplane. Flaps full down ‘&d alleron9
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Figure c33.-Plan form and an aflemn secffon of the wing of the & - SC~e ~odef Of a fi@@r-@e ~1.@ue

tested with full-span duplex flaps M the Langley 19-foot pressure tunnel.
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7-by 10loot tunnel.
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Figure C47.- Plan form of the semfspan ~ of a psrsmal-tms ai@ane wllh fixed antibalawed @t
flaw = Le8td in flight at Langley.
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Fi~ C48. - %ztions of internally LwUancedaileron ad tid split-flap arrangement aa testerf on a

personal-ty-pe airplane.
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